A new ascosporic yeast, Metschnikowia fructicola (type strain RRL Y-27328, CBS 8853), is described and was isolated from grapes grown in central Israel. Preliminary tests indicate the new species has biocontrol activity against Botrytis rot of stored grapes. Phylogenetic analysis of domain 01/02 26S rD A sequences showed M. fructicola to be a sister species of M. pulcherrima.
Introduction

q . I
Biological control of postharvest diseases of commodities through use of antagonistic bacteria and yeasts promises an effective alternative to the application of chemical fungicides (CHA D-GOYAL and SPOTS, 1996; DROBY et al., 1991; GULLI 0 et al., 1991; JA ISIEWICZ et al., 1994; LEIEI GER et al., 1997; McLAUGHLl et al., 1990 McLAUGHLl et al., , 1992 ROBERTS, 1990; STRETCH, 1989; TEIXIDO et al., 1998; USALL et al., 2000) . The products Biosave-100 and Biosave-110, which are based on the bacterium Pseudomonas syringae, are availa ble for postharvest disease control and are now used commercially on pome fruits in the United States (JA ISIEWICZ and JEFFERS, 1997) . Yeasts have been targeted by many workers as potential antagonists of postharvest diseases because they are naturally occurring on fruits and vegetables, and they exhibit a number of traits that confer greater potential for colonizing wound sites. For example, Metschnikowia pulcherrima is widely isolated from apple flowers, buds and fruits and from mature grapes (DAVE PORT, 1976) , and has been reported to control Botrytis cinerea on apples as well as fungal decays of stored peaches and grapes (DE CURTIS et al., 1996; PIA 0 et al., 1997) . At least two yeast-based products are now commercially available (Aspire™ based on Candida oleophila, and Yield Plus based on Cryptococcus albidus), and several more are in the advanced stages of commercialization (DROBY et al., 1998; EL GHAOUTH et al., 2000) .
In the present study, we describe a new species of Metschnikowia that was isolated from grapes grown in Israel. This species is of interest because preliminary tests indicate that it, like M. pulcherrima, may be effective for biocontrol of storage rot of grapes induced by Botrytis cinerea (S. DROBY, unpublished data) . The unidentified species was recognized as new by comparing its nucleotide sequence in the species-specific ca. 500-600-nu-
with a database of Dl/D2 sequences from all currently recognized ascomycetous yeasts (KURTZMA and ROB-ETT, 1998 , and subsequent entries in GenBank). The analysis showed the new taxon to be a sister species of M. pulcherrima. From this information, conditions for ascosporulation were predicted and the species was observed to produce needle-shaped ascospores typical of Metschnikowia.
Materials and Methods
Organisms, fermentation and assimilation tests, single ascospore isolations RRL Y-27328 is the only known strain of the proposed new species and was isolated from table grapes (cultivar "Superior") grown in the central region of Israel. Specifically, microorganisms were isolated by shaking five grape berries in 10 ml of sterile distilled water for 1 h at 200 rpm on a rotary shaker. The wash liquid was serially diluted and 3 }.II of each dilution were spread on basal yeast agar (BYA) containing: 20 g glucose, 1 g yeast extract, 10 g protease peptone and 15 g agar amended with 250 mg Penicillin G (to suppress growth of bacteria) in 1 L of distilled water. Petri dishes were incubated at room temperature for 4 days and yeast colonies were selected randomly according to color and morphological characteristics. RRL Y-27328, as well as reference species, are maintained in the ARS Culture Collection ( RRL), ational Center for Agricultural Utilization Research, Peoria, Illinois, USA. Fermentation and assimilation tests and procedures for the morphological examination of cultures are as described by YARROW (1998), except that assimilation tubes were agitated on a reciprocal shaker at 25°C for the 4 week incubation period. The composition of all culture media cited is given by YARROW (1998) .
In an effort to determine whether RRL Y-27328 is homothallic or heterothallic, single ascospores were obtained with a de Fonbrune micromanipulator using standard procedures as described by FOWELL (1969) . Asci of the new species are persistent and ascospores were released by digestion of ca. 0.5 mm 3 ascosporulating cells for 3 hr at 25°C in 20 }.II of the enzyme preparation Glusulase (Endo Laboratories, Inc., Garden City, Y).
rONA sequencing and sequence analysis Methods for nuclear 0 A isolation, amplification of the ca. 500 nucleotide 26S rO A domain 01/02 by PCR and sequencing with the ABI TaqDyeDeoxy Terminator Cycle Sequencing kit and the ABI model 377 automated 0 A sequencer (PE Biosystems, Foster City, CAl were previously described (KURTZ-MA and ROB ETT, 1998) .
Sequence data were visually aligned with QEOIT 2.15 (SemWare, Marietta, GA). Phylogenetic relationships were calculated with the maximum-parsimony program of PAUP*4.0b3a (SWOFFORD, 1998) , as well as with the neighborjoining program using the Kimura 2-parameter distance measure. Schizosaccharomyces pombe was the designated outgroup species in all analyses. Confidence limits for phylogenetic trees were estimated from bootstrap analysis (1000 replications). The nucleotide sequences for the new species reported here as well as for reference species have been deposited with GenBank under the accession numbers given in Fig. 1 .
Phylogeny
Phylogenetic analysis of the Dl/D2 domain 265 rD A sequence from RRL Y-27328 in a dataset of Dl/D2 domain sequences from all currently recognized ascomycetous yeasts (KURTZMA and ROB EIT, 1998 , and subsequent entries in GenBank) placed this strain in the Metschnikowia clade as a sister species to M. pulcherrima (Fig. 1) Asci sphaeropedunculatae sunt et stabiles. Ascosporae aculeatae. In agaro "YM" post dies 3 ad 25°C, cellulae vegetativae globosae (4.0-10.0~m) aut ovatae (3.0-7.0 m x 4.0-8.0~m), singulae, binae et fasciculatae. In agaro morphologico post dies 7 ad 25 DC, incrementum fuscum pallidum, nitens, butyrosum; centrum colonia subIatum; margo glabro vel undulato. Pseudohyphae et hyphae verae non fiunt. Glucosum et galactosum (infirme) fermentantur. 5ucrosum, maltosum, lactosum, raffinosum et trehalosum non fermentantur. Assimilantur glucosum, galactosum, L-sorbosum, sucrosum, maltoSUfi, cellobiosum, trehalosum, melezitosum, D-xylosum, N-acetyl-D-glucosaminum, ethanolum, glycerolum, ribitolum, D-mannitolum, D-glucitolum, a-methyl-D-glucosidum, salicinum, D-gluconas, 2-keto-D-gluconas, acidum succinicum, hexadecanum et cadaverinum. on
Diagnostic separation of M. fructicola from other species of Metschnikowia
The genus Metschnikowia is comprised of 12 known species (MILLER and PHAFF, 1998; LACHANCE et al., 1998) , and represents one of the most phylogenetically divergent ascomycetous yeast genera known (KURTZMA and ROB ETT, 1998) . Diagnostic separation of species from growth responses on various carbon sources and other tests is difficult because of the considerable similarity of assimilation reactions among species. Metschnikowia fructicola and M. pulcherrima give the same responses on the standard growth tests used in yeast taxonomy. Morphology provides some resolution of species. Ascus formation by differentiation of large, thick-walled refractile chlamydospores separates M. fructicola, M. lunata and M. pulcherrima from other members of the genus, and the formation of lunate vegetative cells distinguishes M. lunata from M. fructicola and M. pulcherrima. Metschnikowia fructicola forms no pseudohyphae in contrast to the often profuse formation of rudiGrowth on the surface of assimilation media: Pellicles are not formed.
Dalmau plate culture on yeast morphology agar: After 7 d at 25°C, neither pseudohyphae nor true hyphae are formed under the coverglass. Aerobic growth is semi-glistening, white to tannish-white, butyrous, and low convex with a slight central depression. Colony margins may be entire or with occasional small lobes.
Ascosporulation: Ascospores were produced on RG agar after 3-4 wk at 15°C. Asci are unconjugated and develop from the "pulcherrima" cells that are abundantly produced, resulting in a sphaeropedunculate shape (Fig.  2B) . Asci measure 22-33 pm in length with the spherical portion having a diameter of 5-6 pm, and the peduncles a diameter of 1.5-2.0 pm. Asci produce two acicular ascospores that measure 0.5-0.8 pm x 20-27 pm. Asci are persistent although infrequent ascospores protruded slightly through the tip of the peduncle suggesting some lytic action of the ascus wall. In an effort to determine whether the species is homothallic or heterothallic, single ascospores were isolated by micromanipulation following treatment of asci with the enzyme preparation Glusulase. Unfortunately, none of the 28 single ascospores isolated proved viable.
Physiological tests: Reactions on the fermentation, assimilation and other growth tests commonly used in yeast taxonomy are given in Table 1 .
Source of the isolate: RRL Y-27328 is the only known strain of this species and was isolated from table grapes (cultivar "Superior") grown in central Israel.
Type: NRRL Y-27328 (= CBS 8853) is preserved as a lyophilized preparation in the Agricultural Research Service Culture Collection ( RRL), Peoria, Illinois.
Etymology: The species name fructicola refers to isolation of the type strain from the fruit of the grape plant. It is anticipated that the natural habitat of M. fructicola may include the fruit of other plants as is the case for its sister species M. pulcherrima. Growth on YM agar: After 3 d at 25°C, the cells are spherical (4.0-10.0 pm diam.) to ovoidal (3.0-7.0 pm x 4.0-8.0 pm), and occur singly, in pairs, and in small clusters ( Fig. 2A) . Budding is multilateral with 1-3 buds per cell. Spherical, heavy-walled chlamydospore-like "pulcherrima" cells are common on YM agar ( Fig. 2A) and predominate on 5% malt extract agar. The maroon colored pulcherrima pigment (pulcherrimin) produced by some strains of M. pulcherrima was not detected in cultures of M. fructicola. assimilantur lactosum, melibiosum, raffinosum, inulinurn. amylum solubile, L-arabinosum, D-arabinosum, Dribosum, L-rhamnosum, D-glucosaminum, methanolum, erythritolum, galactitolum, 5-keto-D-gluconas, saccharatas, DL-acidum lacticum, acidum citricum, inositolum et potassi nitras. Amylum non formatur. Vitaminae externae ad crescentiam necessaria sunt. on crescit in medio 10 pg/ml cycloheximido. Gelatinum non liquescit; pellicula non fiunt. Augmentum fiunt in temperatura 37°C. Typus RRL Y-27328 (= CBS 8853), designat stirpem typicum. Isolata uva ex Israel, depositata in Collectione Culturarum ARS ( RRL), Peoria, Illinois, U.S.A. mentary pseudo hyphae under anaerobic conditions by M. pulcherrima. However, this is a weak diagnostic character and definitive separation of the two species appears to require gene sequence comparisons, a phenomenon i!}p-easngly seen for the yeasts as well~s for other micrp~~gan Isms.
